Abstract. The Milagro detector surveyed the sky almost continuously in the very high energy regime from January 2000 through March 2008. During that time, over 130 GRBs have been detected and well localized by satellites within its 2 sr field of view. We have used Milagro data to search for >1 GeV emission from these bursts. Milagro is a water Cerenkov detector designed primarily for observations in the 0.1-100 TeV energy range. Milagro was operated simultaneously in both standard mode and "scaler" mode. In the standard analysis, the direction and energy of an incoming particle is determined by reconstructing the air shower produced when the particle interacts in the Earth's atmosphere. In "scaler" mode, the rates of the PMTs are monitored and fluctuations temporally coincident with GRBs are searched for. No significant emission was discovered using either method and the upper limit on the emission for each burst with known redshift is reported.
INTRODUCTION
Milagro is ground-based gamma-ray observatory located in the Jemez mountains (2630 m a.s.l.) outside Los Alamos, New Mexico. The detector itself is a large pool of highly purified water, fit with a light-tight cover, and instrumented with 723 photomultiplier tubes (PMTs). Furthermore, an array of 175 water tanks, each 4000 liters and instrumented with a single PMT, is distributed around the pond, which serves to increase the effective area of the detector. Milagro is a member of the extensive air shower class of particle detectors, and as such, is primarily sensitive to photons in the TeV energy range. In addition to being operated in standard mode in which every air shower event is reconstructed, Milagro is also continuously operated using the "scaler" or "single-particle" technique [1, 2, 3, 4] in which statistically significant excesses in the PMT count rates, temporally coincident with satellite-detected GRBs, are searched for. These combined analyses allow for energy coverage ranging from 1 GeV to over 100 TeV. Many GRB afterglow models [5, 6, 7] predict production of photons in the GeV-TeV energy range and GeV emission has indeed been detected by both previous and current generation space-based γ-ray detectors [8, 9] . The spectral behavior of GRBs in the very high energy regime, however, remains largely unknown.
STANDARD ANALYSIS
For energies >100 GeV, the Milagro standard analysis is used to search for an excess of events above the expected background, temporally and directionally coincident with satellite-detected GRBs. An estimate of the number of background events is made by characterizing the angular distribution of the background using 2 hours of data surrounding the burst, as described in [10] . The total number of events falling within a circular bin of radius 1.6 • centered on the burst is summed over the duration of the burst. The significance of the excess (or deficit) of each burst is evaluated using eq. (17) of Li & Ma [11] . Given the observed on-source counts and the predicted background, the 99% confidence upper limits on signal counts is computed using the Feldman-Cousins prescription [12] . This upper [Right] The histogram of significances of gamma-ray bursts in the Milagro FOV using the scaler method. limit on the counts is then converted to an upper limit on the fluence, using the effective area of Milagro (see last section) and assuming a differential power-law photon spectrum.
SCALER ANALYSIS
In order to be sensitive to primary photons <100 GeV, Milagro is operated in "scaler" mode. In scaler mode, the average PMT rate during the GRB is compared to the average rate during a period immediately before and after the burst. By doing the same for many comparable test intervals over an 11 day interval around the burst, it is seen that fluctuations are neither Poisson nor Gaussian. The excess (or deficit) rate during the GRB interval, relative to the background region, is compared to the distribution of excesses from the test intervals to obtain the significance of the excess and the 99% confidence level upper limit on the rate. The resulting distribution of significances of the excess is shown in Figure 1 , and is consistent with expectations from background fluctuations. The most significant excess is 3.5 standard deviations, with a 2.6% probability of occurring in a sample of 132; we don't interpret this as evidence for emission and report upper limits for all of the bursts.
FLUENCE UPPER LIMITS
The effective area of Milagro for gamma rays, is calculated using the standard Milagro detector simulation as described in [10, 13] while also accounting for any PMTs excluded due to excessive noise or other instrumental problems. A plot of the effective area of Milagro versus energy when operated in scaler mode is shown in Figure  1 . An intrinsic GRB power law energy spectrum dN dE ∼ E −2 for the scaler analysis and dN dE ∼ E −2.4 for the standard analysis is assumed. This spectrum is then softened due to the gamma-rays being absorbed by interactions with the extragalactic background light (EBL) according to the model of [14] . For the bursts with measured or tentative redshifts, we report limits using EBL absorption for that redshift. No significant VHE emission was detected using either the scaler or standard analyses. For the scaler method, the fluence upper limits (at the 99% confidence level) between 1 and 100 GeV for the unabsorbed power law spectrum are given in Table 1 , along with the fluence upper limits >100 GeV obtained using the standard analysis. 
